Objective: To assess the relationship between dietary lipids and incidence of cerebral infarction in a Japanese rural population. Design: A cohort study from July 1977 through December 1992. Setting: Akadani-Ijimino (A-I) district, Niigata Prefecture, Japan. Subjects and methods: All the residents, 1,182 men and 1,469 women, aged 40 years and over. Out of these members, 954 men and 1,329 women who were initially free of stroke completed a semiquantitative food frequency ques tionnaire in 1977, and were then subjected to a follow-up for 15.5 years. The occurrence of stroke was determined by the annual follow-up exam ination and registry. Dietary lipid was adjusted for total energy or fat intake by the residual method. Sex and age-stratified and blood pressure and atrial fibrillation-adjusted relative risk for cerebral infarction was estimated by the Cox proportional hazard model. Results: There were 75 new cases of cerebral infarction during the observation period. The relative risk for cerebral infarction was less than one in the highest quartile level of total fat, saturated fatty acids (S), Keys score and west ernized dietary pattern: 0.68-0.94. It ranged between 1.36 and 1.57 in the highest level of polyunsaturated (P), n-3 and n-6 fatty acids, and P/S ratio. Conclusion: This study suggests the possibility that the traditional Japanese diet, very low fat intake, was likely to increase the risk of stroke through the low level of serum cholesterol as an intermediary factor. Key Words dietary lipids, cerebral infarction, cohort study, serum cho lesterol, "diet-stroke" hypothesis According to the "diet-heart" hypothesis (1, 2), a high intake of saturated fatty acids and cholesterol and low intake of polyunsaturated fatty acids increase the 83 84 F. SEINO et al. level of serum cholesterol, and hypercholesterolemia results in the occurrence of coronary heart disease and stroke. In Japan, however, some ecological studies compared stroke incidence rates among several defined populations, and showed that the rates were inversely correlated with mean serum cholesterol and fat intake (3, 4). Afterwards, some cohort studies indicated that the level of serum cholester ol was inversely associated with the risk of stroke; particularly cerebral hemorrhage and cerebral infarction in perforating artery regions after adjustment for some confounding variables such as sex, age and blood pressure (5-7).
level of serum cholesterol, and hypercholesterolemia results in the occurrence of coronary heart disease and stroke. In Japan, however, some ecological studies compared stroke incidence rates among several defined populations, and showed that the rates were inversely correlated with mean serum cholesterol and fat intake (3, 4) . Afterwards, some cohort studies indicated that the level of serum cholester ol was inversely associated with the risk of stroke; particularly cerebral hemorrhage and cerebral infarction in perforating artery regions after adjustment for some confounding variables such as sex, age and blood pressure (5) (6) (7) .
To date, however, there have been few prospective studies on the relationship between dietary fat and stroke among Japanese in Japan. Using all of the residents aged 40 years and over in Akadani-Ijimino district (hereinafter referred to as A-I district), Shibata City, Niigata Prefecture, Japan, their dietary lipid intakes were assessed by a semiquantitative food frequency questionnaire in July 1977. Those who were initially free of stroke have been subjected to a follow-up ever since. In this report, we deal with the relationship of dietary lipid intake to the subsequent 15.5-year incidence of cerebral infarction which shows the highest incidence among the subtypes of stroke.
METHODS
Subjects. The Shibata Study is a longitudinal study of cardiovascular diseases in Japan. Using all of the residents aged 40 years and over, 1,182 men and 1,469 women, as the eligible population, a baseline examination was conducted in July 1977. The details of the method have already been described in previous reports (8, 9) . Of the items examined at entry, an epidemiological analysis was performed on three risk factors for this report: blood pressure, atrial fibrillation on electro cardiogram and serum total cholesterol.
We excluded the subjects (7 men and 12 women) who could not complete a dietary interview because of hearing impairment or refusal from this analysis. We also excluded the subjects (39 men and 20 women) who had a previous onset of stroke before the baseline examination. We followed the remaining 954 men and 1,329 women during the subsequent 15.5 years.
Dietary assessment. To assess habitual dietary intake, the average intake over a one-year period, we developed a validated semiquantitative food frequency questionnaire (FFQ) (10) . A long list of foods was derived from a table of Japanese food composition (11) and systematically reduced with the help of an experienced staff dietitian. Finally, the FFQ consisted of 66 food items. In addition, it solicited information on the amount of salt, sugar and oil which were used for flavoring in the A-I district. As for steamed rice, which is consumed at almost every meal by Japanese, we asked the subjects how many bowls of rice they took per day and how large the bowl was: small, medium or large. Trained dietitians asked the participants the frequency of consumption of a given unit or portion size for each of the foods. The response categories to frequency were as were cerebral infarction, 27 were cerebral hemorrhage, 11 were subarchnoid hemorrhage and 28 were an undetermined type of stroke. Computed tomographic (CT) findings of cerebral infarction were available for 43 cases (nine for cerebral thrombosis in cortical artery regions, 16 for cerebral embolism, 16 for cerebral infarction in penetrating artery regions and two in others), most of which occurred during the second half of the observation period when CT scanners became available in some hospitals in the Shibata area.
Baseline characteristics of the subjects
The levels of systolic and diastolic blood pressure and serum total cholesterol and the number of cases with AF on ECG at the baseline examination are shown by sex and age in Table 1 . The daily intakes of energy and lipids are also presented in Table 1 . The highest average intake of total fat was 52.9g/day, which was observed in the age group of men 40-49 years, and the P/S ratio was more than 1.0 in any age group. Thus, lipid intakes in the A-I district were quite different from those in west European and American countries, not only in quantity but also in quality.
Dietary lipids and serum cholesterol
The partial correlation coefficients were computed between serum total choles terol and dietary lipids at baseline, and adjusted for age, sex, energy and/or total fat (Table 2 ). The intakes of energy, total fat (energy-adjusted), saturated fatty acids (SEA, total fat-adjusted), monounsaturated fatty acids (MUFA, total fat-adjusted) and the summary index of the dietary pattern (westernized pattern of diet) were significantly correlated to the level of serum cholesterol, although the strength of association was weak.
Dietary lipids and cerebral infarction
In Table 3 , the relative risks or hazard ratios for cerebral infarction by quartile of the dietary intake are shown when the risk in the lowest quartile level, Q1, is 1.00 (the reference). Energy intake had a tendency to be inversely related to the risk of cerebral infarction, but the trend was not statistically significant because the highest risk was observed in the Q2 level. The sex and age-stratified relative risk (RR1) for Q4 was 0.66 (95% confidence interval: 0.26-1.64), and the sex and age-stratified relative risk adjusted for DBP and AF on ECG (RR2) was 0.76 (95% CI: 0.30 -1.95). A clear relationship between total fat intake and cerebral infarction was not observed, although RR1 and RR2 for Q2, Q3 and Q4 were less than one.
As for the various types of lipids, the intake of MUFA was inversely associated and the intakes of PUFA and n-6 FA were positively associated with the develop ment of cerebral infarction, although the relations did not reach statistical signi fi cance. There was no overall relationship between SFA, n-3 FA, cholesterol or P/S ratio and cerebral infarction, although the lowest risk was observed in the Q4 level of SFA. Keys score was inversely correlated to RR2 for cerebral infarction, although not significant. The lowest risk was seen in the Q4 level of Keys score. As for the summary index, RRl and RR2 in the most westernized pattern of diet, Q4, were lowest, 0.64 and 0.70 respectively. In the sex and age-stratified stepwise Cox proportional hazard model (multi variate analysis), no dietary variable was selected as the independent risk factor for cerebral infarction, but the level of diastolic blood pressure and AF on ECG were statistically significant factors.
Serum cholesterol and cerebral infarction
In the sex and age-stratified Cox model, the relative risk of cerebral infarction was estimated for the level of serum total cholesterol by an increase of one standard deviation, 1.2mmol/liter. It was 0.88 (95% CI: 0.69-1.13). for the quartile. d Relative risk after sex and age were adjusted, and diastolic blood pressure and atrial fibrillation were adjusted by the Cox proportional hazard model. Total energy-adjusted intake of total fat and intake of total energy were entered in the model. f Total fat adjusted intake of a specific type of lipid, and total energy adjusted intake of total fat and total energy were entered in the model. ous studies of Japanese populations which were conducted during the high econom ic growth period from 1960 to 1975 (5-7). A mechanism, speculatively, involves the weakening of the endothelium of smaller intracerebral arteries due to low serum cholesterol levels (18) . This condition may be further aggravated by hypertension and lead to cerebral hemorrhage if severe hypertension exists, or to cerebral infarction in penetrating artery regions if mild to moderate hypertension is sus tained. Before and during the high economic growth period, the Japanese adhered to traditional lifestyles, particularly dietary habits characterized by high salt and carbohydrate intake, and low fat and animal protein intake. Thus, this study was planned to test the "diet-stroke-hypothesis": low intake of lipids and low level of serum cholesterol result in the development of stroke. The first aim was to reconfirm the relation of dietary lipids to serum total cholesterol at the baseline examination by a cross-sectional study, and the second was to analyze the relation of the level of serum total cholesterol or dietary intake of various lipids with the risk of cerebral infarction by a cohort study. Data relating specific fatty acids or cholesterol intake to a risk of stroke were expected to provide sound dietary guidance for persons wishing to reduce their risk of stroke.
Since the number of patients with cerebral hemorrhage was relatively small, the relation between diet and cerebral hemorrhage was not analysed in this study.
Dietary lipids and serum cholesterol. Our findings provided general support for the existing studies of dietary lipids and serum total cholesterol levels. How ever, the correlations were small; as the study population was relatively large, these small correlations were statistically significant. According to Willett (1) and Jacobs et al. (19) , the expected correlation between dietary lipids and serum cholesterol in a free-living population would be less than 0.1, because many factors including genetic and lifestyle determinants influence serum cholesterol. For example, Shekelle et al. (20) observed that the correlation between Keys score and serum total cholesterol was 0.08 in the Western Electric Study.
On the other hand, there was a discrepancy between our results, indicating a positive association of the intake of monounsaturated fatty acids (MUFA) with the serum levels of total cholesterol, and existing reports that MUFA, particulary oleic acid, lower serum cholesterol levels (21) (22) (23) . The probable explanation is that, in the A-I district, the main food sources of MUFA were eggs, pork, mayonnaise and vegetable oil for flavoring and tempura in common with those of SFA and, therefore, MUFA were strongly correlated with SFA (r=0.88 for the crude fatty acids, r=0.66 for the total fat-adjusted fatty acids). The intake of polyunsaturated fatty acids (PUFA) and n-6 fatty acids (n-6 FA) also showed a positive, but non-significant, relation to serum cholesterol, although an inverse relation between P/S ratio and serum cholesterol was observed. The reason was not clear, but our fi nding might indicate that the substitution of PUFA or n-6 FA for SFA would be more affective for the reduction of serum cholesterol levels than an increase in PUFA or n-6 FA independently of SFA. Another reason might be the heterogene ity of PUFA. Not all PUFA have a similar effect on serum cholesterol, and many types of PUFA may compete with each other at enzymatic sites (24) . Serum cholesterol and cerebral infarction. A weak and inverse relationship (hazard ratio for 1 SD=0.88) between serum total cholesterol level and the development of cerebral infarction was seen in this study, but was not statistically significant, while in Japanese studies during the high economic growth period, statistical significance was attained and the hazard ratio was less than 0.88 (5-7).
In the United States, however, a relatively strong and positive relationship between serum cholesterol and cerebral infarction is usually observed (25, 26) . Possible differences in the effects of serum cholesterol at different vascular sites could lead to the complex association between serum cholesterol levels and cerebral infarction as a single entity. On the basis of the theory of Kuller and Reisler (27) and epidemiological studies in Japan (28), US (29) and Europe (30, 31) , hypercholes terolemia is assumed to be positively associated with cerebral thrombosis in cortical artery regions, but serum cholesterol levels are inversely related to cerebral infarc tion in penetrating artery regions. Because cerebral infarction occurs much more frequently in cortical than in penetrating artery regions in the US and Europe, hypercholesterolemia is positively related to cerebral infarction as a single entity. In contrast, cerebral infarction in penetrating artery regions were the most preva lent of infarction subtypes in traditional Japanese. In such a case, serum cholesterol would be inversely related with overall cerebral infarction. The ratio of cerebral thrombosis in cortical artery regions to cerebral infarction in penetrating artery regions would increase with rise in the serum levels of cholesterol in Japanese populations, including the A-I district, during and after the high economic growth period, but the magnitude of the ratio would still be smaller in Japan than in the US and Europe. Thus, a slightly inverse relationship of serum cholesterol level to overall cerebral infarction was observed in this study, but was not statistically significant. Dietary lipids and cerebral infarction. In contrast to the "diet-heart" hypoth esis, the results from the analyses of RRl and RR2 (Table 3) for cerebral infarction suggest the possibility that the intake of SPA decreased, and that the P/S ratio increased the risk of cerebral infarction through serum total cholesterol as an intermediary factor between dietary lipids and cerebral infarction. The relative risks in the fourth quartile (Q4) of the dietary intake seemed small, but they were consistent with relative risks on the order of 0.7 to 1.5 in most studies of diet and disease (1) and would potentially be important because the dietary exposures are common. In addition, there are other studies which support this "diet-stroke" hypothesis. In the Seven-Country-Study, an ecological study, death rates from cerebrovascular disease were inversely related to the average intake of SFA and MUFA (32) . An inverse relation of dietary fat to the subsequent incidence of thrombo-embolic stroke for 10 years was observed in the Honolulu Heart Program (33).
However, both modest relative risks and statistically non-significant findings in this study should be considered here. To examine the validity of our food frequency questionnaire (FFQ), we compared the questionnaire with the diet records collect ed during the preceding year. The correlations ranged from 0.36 for n-6 FA to 0.63 for SFA after adjustment for energy or total fat intake by the residual method. The validity of FFQ has been examined in a number of studies. Among them was the validation assessment of a 61-item FFQ used in the Nurses Health Study, in which FFQ scores were compared with the means of four one-week diet records (34) . The correlation coefficients were 0.53 for total fat adjusted for energy intake, 0.59 for SFA, 0.48 for PUFA and 0.61 for dietary cholesterol. These figures were almost the same as ours. Therefore, the non-significant RR1 and RR2 could not be explained by the FFQ, validity. The population size and observation period (originally 10 years) in this study were determined according to the incidence of stroke in our previous prospective study (8) . In the A-I district, however, decreasing trends in the incidence of stroke were observed, and much more than predicted at the time this study was planned. Thus, an attempt was made to prolong the follow-up period. Nevertheless, sufficient cases of cerebral infarction have not yet been obtained for statistical analyses, as the non-significant findings of RR1 and RR2 suggest. However, the observation period was brought to an end because the period when changes in lifestyle, particularly dietary intake, appeared to end in a relatively stable manner around 1992 in Japan (35, 36) .
In this study, as in the majority of prospective studies, no attempt was made to take into account possible changes in dietary intake and serum cholesterol levels during the 15.5-year observation period, although dietary intake was unlikely to change significantly as described later.
A significant association was not detectable because some unmeasured third variable was related to diet and cerebral infarction in opposite directions; for example, dietary fiber, exercise, smoking (37) and drinking (5, 38, 39) .
Mertz (40) proposed a hypothetical relationship between the dietary intake factor and health. The dose-response curve was divided into an ascending, horizontal or optimal, and descending segments. If two points (e.g., Q1 and Q4) on the horizontal portion were compared in this study, it might be concluded that the nutrient had no or little effect.
According to the National Nutrition Survey (35, 36, 41) , the intake of fat was very low before the high economic growth period, ranging from 12.0g/day in 1946 to 24.7g/day in 1960. Dietary changes were much more marked in the period of high economic growth than in any other period after the Second World War. The increase in fat consumption was the most significant among the major nutrients. The maximum value in this period was 55.2g/day (animal fat accounting for 26.2 g/day) in 1975. With the oil crisis in 1973 as a turning point, the intake of fat stopped increasing and remained almost unchanged: 58.4g/day of total fat (26.2 g/day of animal fat) in 1992. The A-I district was probably following the trend of Japan as a whole, although a few years behind. No information about the approximate latent period between diet and stroke occurrence is available, but the effect of diet would occur many years, a few decades, before the occurrence of stroke. In this study, the baseline intake of lipids was assessed just after the period when the Japanese nutritional status was very poor and, then, it moved rapidly toward western style diet. Therefore, our baseline data might differ from the dietary intakes during the "latent" period, although our FFQ is a method for measuring long-term dietary intake. This would bias relative risks toward the null value of one. When an inverse relationship between serum cholesterol level and incidence of overall cerebral infarction was clearly observed and the "diet-stroke" hypothesis was formed, the ratio of cerebral thrombosis in cortical artery regions to cerebral infarction in penetrating artery regions was small. As the ratio increased during the observation period, as mentioned earlier (the magnitude of the ratio would still be much smaller in Japan than in the US and Europe), the relative risk for all subtypes of cerebral infarction combined would be attenuated. In this context, the failure to observe a clear association of n-3 FA with the risk of cerebral infarction of all subtypes can be explained. From many experimental studies, n-3 FA have a variety of physiologic effects which include decreased platelet aggregation and blood viscosity, increased fibrinolytic activity and, perhaps, decreased blood pressure (24, 42) . These effects would result in a reduction in thrombotic infarction and, therefore, inhibit cerebral thrombosis in cortical artery regions among stroke subtypes.
Antihypertensive medication is an important factor which is closely related to the downward shift in the level of blood pressure and, therefore, in stroke incidence. Twenty-three percent of the initial subjects used antihypertensive medications. To examine the effect of medical treatment on stroke and hyperten sion, a multivariate analysis for stroke was conducted, including sex, age and mean blood pressure as the independent variables and antihypertensive medication as the dummy variable. Another analysis for systolic blood pressure was done using the interaction variable (43) . Neither analysis showed a statistically significant effect of treatment (p=0.70 and p=0.82). Thus, it would appear to be valid that we did not take into account antihypertensive medication in this study.
In conclusion, this study supports the "diet-stroke" hypothesis that dietary lipids are likely to be a protective determinant of cerebral infarction, presumably cerebral infarction in penetrating artery regions, taking into account abundant accumulating evidence, although relative risks are modest and do not reach the statistical significance due to several circumstances referred to earlier.
Since CT has made it possible to classify stroke more precisely, it is necessary to separately evaluate the relation of the fractions of dietary lipid to subtypes of stroke in order to understand fully whatever connections may exist between diet and stroke.
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